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(54) ADAPTIVE ARRAY ANTENNA CONTROL SYSTEM 

(57) Abstract: 

PURPOSE: To attain the communication of a high speed 
data even under multi- path environment by selectively 
receiving only a signal component with less relative 
delay time so as to reduce the effect of multi-path 
interference thereby improving an equivalent gain with 
the adaptive array antenna with a few elements. 

CONSTITUTION: The directivity of the adaptive array 
antenna having plural antenna elements 1-1-1-N is 
devised so that the signals received by the plural 
antenna elements 1-1-1-N are used, the incoming 
direction of each signal component and its relative 
delay time having different incoming direction and delay 
time included in the received signals are estimated, the 
signal components included in the relative delay time 
period in which all power of the signal components 
included in a predetermined time width is highest are 
selected and the selected signal components are 
synthesized in-phase. 




COPYRIGHT: (C)1993,JPO&Japio 



BEST AVAILABLE COPY 



<i9)B*B«ft/r (J p) (i2) & ffl & it & ^ (a) uiymaauM** 

^¥5-41607 

(43)&g8B ¥i£ 5^(1993) 2 JH9B 



(51)lnta* 
H 0 1 Q 3/26 
21/22 
H0 4B 7/10 



C 6959-5 J 
6959-5 J 
B 9199-5K 



F I 



m&m* *s* s*h*>» i (£ 9 1) 



(21)a3BiS^ 


tfWP3-2M348 


C71)iiililA 


000001214 










(22)tUfiBB 


jPfifc3^(1991)8J3 6B 




JB£»«rfcEH*r It 2 T i 3 # 2 ^ 








KH »- 








SS«i5SlfSEffi«f * 2 T B 3 # 2 














(74)ft8A 


#s± OJ* h- 



(54) UMBO**] Tr7*'(?T\/4T>ri-imi5& 



(57) [gift] MJEm) 

* ©jiff ^ pJtB 4 T2> C £ £ 1 ft i -5 . 

mm a»©r>f ^-K^i - i~i -n*»ot* 
©b$ ma a k£ * n 5 fi^i£ft-©£m;Wfl t si >ti*t 

0. ^Sftfc«*fc#*rottffittert**J:$«c7U 




* 

e 

K 

iK 
*> 
IK 
v 

V 

IW 
ik 

8 
« 

m 

m 



^uimo^mi^mmm^x, smut 

tt&iPiSRi]*:**. 

m&nnm&fift^ u 7 > ^f-©!gi^t4*«fiEf & 
<£9{C. JIit§if4^©*ll«8S«rSi)S9-r5Ci?r^8Si 

[000 1] 

7 y 77- ^7V-/7 >f T-©}g(S)tt»^ 
[0002] 

tc}g|Sitt%^]ffll-r2>c4lcJ:0. 7>^7-C£<f UCO 

*«»©fi-si/a#©5*>. iift^j:oe«ii]iior^5 

<I^fiS# (JiiT. iHg«£t>9) . *5l>«jgMB#ra© 

m$.ft<D 9 %<D 1 -9£§ffU ffeCfl *ffiJc#©iJSJ£l& 
STSCiJCfc*), vjl,^y^^©KIS?:g®^ru 

[0003] *"f, 7#7'?-<77l"(7l'?-t<Dmt 

7 97f- A 17 b ■{ 7 >f- * ©«R5c©-{&l£ * b fcfc© 
T$>S. HCC*$l>T\ H3:7>-ft^. 4ttoJ£«£ 

»0K-C*S. n#g©7>f-T-^ : fl-n "CSfi^ 

nfcfi^x„(t)tt. ^©ilitlitirtSfcWTSfcfc. BJ 

m<D7>?+%+V%{s3tltcmt®£$tl> 7*7 
?<77V<<l>?t<Dtiit)m v(t) ifr*. I&M&tH 

!e]SS6rii. ffl^fl-^ v(t) *ffl^ritl?L/fcff{iTO 



(2) ^¥5-4 160 7 

2 

e(y) ©«S4. i?TSg©«fi£©s£££tfcttl-f *. fcfcBUc 
&S<fc9K>^lfi$S5Mgic-5;tSf5Sw» fcfBltSir 

77 n 7 > f 7-tt^a©{t^?rm^-r * <fc 9 Kttff 

[0004] %<C. 03*>605£ffil,>T\ Wk<07*l 
7? 417 b A 7^T-i-ifi-7)^^ : f^mS.thm 

/c«>©§#. e i e 5 «. # i # 5 ©sft-^fiS 
^s<i#.iotcfij*-rs4*©fij*fta^. t, 

T, B. # l^P.#5©S<f-^fi)c^©Sff^-C©jIS^ 

[ooo5] mz\t-7)\>*>*x&m<oW'z*>') > £ft 

"COS. 

[0 00 6] 04(*. BSfcj^fi&ffltcStt/fcfc©?* 
20 0, «flt.'SK:iil*uri»*flr^«R»# 1*>£>#5©{I# 
H*a*:«n*i4»#M*5*i/r(,>3. S£#©7#7"?- 

^77U-f7>f-t-CB. 3aHI*9*>6©ilSjft. *S 

c»ttj^fiS. &2>u«Sfc i/-*t>u©*(,>fg -^JiXtffcSfi 
T*J:5K}liaitt*«W8P3*l5. COW-CWflredtfl-tt 

# i ©# £girr s <fc s k 7 > 1 $ n . 

7 * ^ ^7 b j7y?i-<Dmmam 5 ©«t 9 k& 
^. 

[0007] 

30 [^*i«?^LJ:9i^-2.3li] S&r&FtyC:feC>TG3i?Hi 

IH*#r *fi#fiX^K©tl*tWj:Si2a#H©E*i 0 **. 
(EMtri>-5fi-^©^>^raRI(!:l:t®L/T«fgt#t> 
S)rS<^-2>Ci*i^S$n.S. ffc. ^fs*>e»©it 

40 agoflre fij»© 9 ^5tw«©«^*^<-r l t »i» t « 

^ < -O^Ois^^tmm—b^OlV&^ti i^A. 
fc». — 3©{t-^*#©**SK-f5£. ffe©(i^fi£» 

[ 0 0 0 8 ] C ©J; 9 ttm&fr b . S£*©«'rf5X*BSf§ 
50 l»IBlSltt4»J«LttW*HKc6r. 7W^7I/-/ 



(3) 



5-41607 



7>f-:fKi*iM*©T:/*****Wc** < 

[0009] *mm. ±i$Lfc{^i^fi©ra3£*:IK 
[00 10) 

^t57W-fr>fti, &7>7-t$&--C3:{il, 10 

©©SWBKi *ft«L/c7 * - * 77 M 7 >T* 
tctet,»-c ; #7>f «R*r*«^fcfiMIH*Si»tt 

aoHmoHft s«&©M#)a#*£A,;fc-{i-s§-£ffii> 

4 o©fi<US»*ftjgU gWD&fti 20 

*<omm$.ftt axmmmwtim : 

*. *h£{i^fi£#©f"l*:£fiCt7U^7>7^©*g|Sj 

tt*«lfiW*J:9«:. HM£tMl©MMBB*Mirr& 
7 *7?^ 77 W 7 ^f-^WWESK* «. 
[0 0 1 1 ] 

$>6#>C 6 *l fct&WBlBHrt K£ * *i * <t#(S 30 
£©»*9ttl/. *ft6?6Eltiffl-C£fiSLT7y7fv 
77 u -f 7>-f ^©9ffWttW»*a9flirr* J: 5 K. a 
IK? *ifcffl^JSE»©H*ft Btfrl^UCT *7r ^7 U -f 

[0012) a-rsj^-rss^fiJi^tcooT. *©id 

3l^^ffl*J:2Wft6©tBttaW#M*lft&l"S. 
©». -£©a^HMrtK*&«#fiJ»©**«RL 

ran* a. 

[ 0 0 1 3 ) BHE*-4>»Bffll*4rr&flH» 
fi£»©?D*ffl*$n4CifC^0. Ifr+XTJV&ak 40 

ass**. si5R-©assjra«rWi/ri»sm 

tefibt, 7>f ^iL/Tc^fflfiW^J^rSji-ra 
y.(k)=Xw„ • x.(k) 

&l>ti. T.J.Shan, M.Wax and T.Kailath "On Spatial 50 



Kfumm^mmt * c £#-c* *. 

[00 14] 

«c<t 57 y 7?- ^ 77 u -f 7 > f * ©iirsjtt^sijiais n 

SJ^Sr^f. a«:tJl»t» ltt7>r*9&-* 2»7 
^■Dy-f^^ftg. 3 ttA*)^- 
fc»©^*V. 4ttliIgHB3&?5ft3§. 5U&48. 6tt 
BSttUJlHlH. 7tttH3RiSa*lHai@!8. -8tt«H!fiffiffl 
£&*?-T 5 &&©;< * 'J . l«3:S<i*©(45g. # 1 *> 6 
# 5 «gffi£i 0 K:fiJ*UT c>*{g-# f&ftZ&ftlTZIcto 
©S^. 5 1 *» h 6 5 W. # l frh # 5 ©&li#fiK## 

tt. # 1 *> 6 # 5 ©§m^J&»©£<l£.-C©jIiil8lffl* 
St?. 

[0015] aa.«j:9aft*tifcfi4st* > miw 

{cto-CJSW- 0*f**i. SWtja«:tttt»©*flE*iai 
(ra =1,2,. .,5) t?z. %mm.wts.*t\ic.7*'?r 

4 yrU-f7>f-^©n#l©7>f-^^-l -n "C 
B$RB©StgfCflH>£fc©. -B$ff}K.X*'J3{C(S#Sn 

5. 

[0016] WT-Cti. n#S©7>f-^* : ?-t»S<iU 
tcfm%x„ (n =1,2, ...N: NB7 >f-^-7-«) T 
RL, x, *-£B#Rf|ATC£'K1f>7'J>yi,;fc«I$: 
x„( k) (K=0,1,..,K) fgT. 

[0017] x„ (k)«:fflU-C-Sm-f fiS#©£J3fc;fr|6j£ffi 

5. c©fc8?)tcii. ^©flg^iaio^ccjgiijtttfcfc 

4iiei(4ffl©sij®a4.* 6A> t;©tm 
orte*. ffi^L/fc(3^i©ffil*lt^u-c-e©ftac&i6] 
^6i'J*-r*<t-^©L''<^ : S:»5£0. U-<^©3Sft-C(a 

r. ccr«N{i©3SR}gfSji47>f'^s- : ?- : £R^«cafc^ 

fc7l/^7>f-^4S!SUTl»5. 7ls?i-%=f-W)W 
©«^. 7>f-^©}||Si14tr-Aig«*jJ:-?-36o /2 ?r 
N[deq]?Ig{C^2.. *C-C, 0 7 ^"TJ: ^ CC. a^«c 
»©7>r^ tfr-A-C^AfleSnBtrBbK -etl-?n©7 

lirfe<. di&g©Jirfi]14tr-A7j[fii*6SiJ*ori> 
5fi^fiS;^y (1 Ck)(3:. d#g©J§|S]t4tf-A*mi)fra 

CD 

Smoothing for Direction-of-Arrival Estimation of C 
oherent Sipnals", IEEE Trans. Acoustics, Speech, an 
d Signal Processing, Vol ASSP-33, No. 4, pp806-«ll 



(4) 

5 

[0018] <a^fi£#©£J#flg;£|Sj©i££#&7U 
HBHCtSy. (k)l=l#*>aiP#fy]©JI&*>l.> 

wccfci >-c ^ > y a ftfi^-tM s nrt » -2. ± *i 

08 

(b) ©J:5fc»l6"rs«»3»E«fH©ail«:t;-**« 
fit-5-C. BH«MIH»«rltlH/r*«)»*«aE 

entfff&tis. ate. gfion»s^fiS»©iij* 

[0019] O^CCSlir*m#fiX^©3SlR*tf 5. C 

(1) ^LTfcft4<c3(3£56£i;&t>jIS4IIMT 

(2) ffittiUtftn [t,t +T ] KS*hSfi^Wl 30 

fc*<ite*t*«a!>*. cot *«T-c«t. -car. 

(3) tlttilBttffl [t.,t, +T ] CC*5<t^^4Sffl 
L/. fBttiUil$m&RFMttft&*>&> RFja&SWCfc 

C©«fc5(Ct/t. 7^?^7U-f7>?n» 

2,...n) *wirfttf. &rflrra7*7?-.f 771^7 
>f-^©»i«itt**»6*is. He©* 5 0 
9K5VTJ:5K:©ftiS»#2. #4fc«fct>'#5*l5]ffl-e 40 



^ga^F 5-41607 

6 

[0020] 

^|fi)te<J:c;iIgB#ffl©»Si. 7W^7U/7> 
[HS©ff*&IBH] 

[01] **wft3as"r*jfc»©ry^f -i^Tu-fr 

>**-©*JiMlr*S. 

[02] t£fc©7*V?--f ^7U^r>f-^-©»fi5iWc 

[03] 7Af;«flBK«Tj6i. 
[04] vA?y<x«#tt«<0iij3WIJJWn*IijBWIIB 
©-WT*S. 

[05] ft#©7#7>^7 W7^7*EUfci8 
[06] ^*^/<XOTB8^«|3fclliSMnaiiiBWM 

©-flr*4. 

[07 ] «#«»©i|**|<WI3e«:ffllr»6fflHltt^<3'- 
>©-W"C*5. 

[08] BEtBW«&&©JBtt£*L,fc0?*5. 
[09] ^ffcBJjKioTfSfctl^*:^-* 77W7 
>f7©J!fltt©-«-C&*. 

1- l-l-N 7^f<77U-/7>f't©7>f- 

2- 1-2-N rtnif • fii/Zfi&sg&t 

4- 1-4-N nJ^S^KfiS 

5 gt£g 

6 M&ttiliBiS 

7 «fSIH(ai@K 

9 gflM 

10 SftjS 



(6) 



ftli!¥5-4 1 607 



[02] 



1-1 




Xi(t) 



4-1 

_i 

gag 

t 



WiXi(t) 



1-2 4-2 w< 



1-3 4-3 W«t 




Xs(t) 



W3X»(t) 



W3 1 



1-N 

> 



Xn(t) 



4-N 

_£ 



Wn 



wiiXjiCt) 



ZWiXi(t) 



X 



wm®» e(k) 




(7) 



8fKJ¥5-4 1 60 7 



[04] 



(0) 




(b) 



Si 





Ts Jz T4 Ts Te 



[07] 



-20 

S 

£ -40 

m 



-60 



A a A J X A ) 
i i i i i 



7 \/ V V 



1 

I V 
i 

- i 




» a * * > i ;< 

M' !! | j ^ 



crod] 




(8) 




(b) 



£1 




Ts Tz T4 Te Te Tj 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



